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INTRODUCTION

There is a significant difference in the quality of 
pain related to laparoscopic surgery as compared 
to laparotomy. The pain after laparotomy is mostly 
parietal whereas it is more of visceral pain following 
laparoscopic cholecystectomy.[1] Characteristically, 
the pain following laparoscopic cholecystectomy is 
highly variable in intensity and duration and is largely 
unpredictable.[2]

The antinociceptive effect of magnesium sulphate (MgSO4) 
is quite useful in chronic pain and it also governs 
in part, the duration and intensity of post‑operative 

pain.[3] Tramadol could also have a local effect when 
given intraperitoneally after laparoscopic surgery.[1]

The effectiveness of local anaesthetics, instilled 
intraperitoneally, solely or mixed with other drugs, has 
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ABSTRACT

Background and Aims: In laparoscopic surgeries, intraperitoneal instillation of local anaesthetics 
and opioids is gaining popularity, for better pain relief. This study compared the quality and 
duration of post‑operative analgesia using intraperitoneal tramadol plus bupivacaine (TB) or 
magnesium plus bupivacaine (MB). Methods: In this study, 186 patients undergoing laparoscopic 
cholecystectomy were randomly divided into two groups: group TB received intraperitoneal 
tramadol with bupivacaine and group MB received intraperitoneal magnesium sulphate (MgSO4) 
with bupivacaine. The visual analogue scale (VAS) to assess pain, haemodynamic variables and 
side effects were noted and compared at different time points. The primary outcome was to compare 
the analgesic efficacy and duration of pain relief. The secondary outcomes included comparison 
of haemodynamic parameters and side effects among the two groups. The data analysis was 
carried out with unpaired Student’s t‑test and Chi‑square test using software SPSS 20.0 version. 
Results: The mean of VAS pain score after 1, 2, 4, 6 and 24 h of surgery was more in TB group 
compared to MB group, and the difference was statistically significant (P < 0.05). The total rescue 
analgesia consumption in 24 h after surgery was 2.4 g (mean) of paracetamol in TB group and 
1.4 g (mean) of paracetamol in MB group which was statistically significant (P < 0.05). There were 
no statistically significant differences in the secondary outcomes. Conclusion: Intraperitoneal 
instillation of bupivacaine‑MgSO4 renders patients relatively pain‑free in first 24 h after surgery, 
with longer duration of pain‑free period and less consumption of rescue analgesic as compared 
to bupivacaine‑tramadol combination.
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been shown in a number of studies on laparoscopic 
cholecystectomy, but there is no agreement regarding 
the dose, concentration, site and manner of 
administration.[4]

In this study, an effort, therefore, has been made to 
compare primarily the antinociceptive effects of MgSO4 
with bupivacaine to tramadol with bupivacaine.

METHODS

This prospective, randomised, double‑blind study 
was commenced following the ethics committee 
approval of the hospital. Written informed consent 
was obtained from all the patients before starting 
the study. A total of 186 patients belonging to the 
American Society of Anesthesiologists physical status 
1 or 2, of either gender and aged between 18 and 
65 years planned for laparoscopic cholecystectomy 
were selected for the study and randomly allocated 
into two groups of 93 each to be administered one of 
the following intraperitoneal instillations: tramadol 
plus bupivacaine (TB) group received 30 ml of 
0.25% bupivacaine along with 100 mg tramadol and 
magnesium plus bupivacaine (MB) group received 
30 ml of 0.25% bupivacaine along with 50 mg/kg of 
MgSO4 (dose of bupivacaine not exceeding 2.0 mg/kg 
BW) at the conclusion of surgery. Patients with allergy 
to study drugs (MgSO4, bupivacaine and tramadol), 
known hypomagnesaemia or hypermagnesaemia, 
chronic alcoholism, heart block, renal failure and 
those with peritoneal drain after surgery were not 
included in the study.

Randomisation was done by the lottery method 
to select the first group out of the two groups, after 
that the cases were allocated by systematic way 
(systematic randomised allocation method). Another 
anaesthesiologist not involved in the conduct of 
anaesthesia instilled the study drugs into the peritoneal 
cavity and the data collection and analysis was done 
by a separate anaesthesiologist.

All patients were subjected to a thorough 
pre‑anaesthetic evaluation, in which procedure 
was explained to the patient, and all patients were 
educated about the visual analogue scale (VAS) pain 
score of 0–10. All study drugs were prepared by an 
anaesthesiologist not involved in the study and data 
collection. A common conduct of anaesthesia was 
followed in all patients which included alprazolam 
0.25 mg orally at night before surgery and ranitidine 

150 mg orally at night and on the morning of surgery. 
Standard monitoring included pulse oximetry, 
non‑invasive blood pressure, end‑tidal CO2 and 
three‑lead electrocardiogram. Induction of general 
anaesthesia was accomplished with intravenous (IV) 
lignocaine 1.0 mg/kg, fentanyl 2.0 µg/kg and propofol 
2.0 mg/kg. IV vecuronium 0.1 mg/kg was used to 
facilitate endotracheal intubation. Maintenance of 
anaesthesia was with isoflurane along with 50% oxygen 
in air and positive pressure ventilation. Instillation 
of the study drugs into the peritoneal cavity through 
laparoscopic ports guided by the surgical camera 
was done at the conclusion of surgery. The residual 
effects of vecuronium were reversed with neostigmine 
and glycopyrrolate, and with adequate respiratory 
efforts, patients were extubated and transferred to 
the post‑operative recovery room. When they were 
fully awake and responding to vocal commands, VAS 
pain score was recorded at 1, 2, 4, 6, 8, 12 and 24 h 
after surgery. The time duration of the first demand 
for analgesia and total paracetamol consumption in 
24 h was recorded. IV paracetamol 1 g was given as 
rescue analgesic on demand or/and with VAS >3 up to 
a maximum dose of 4 g in 24 h.

Heart rate (HR), systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were recorded 5 min 
before induction (i.e., baseline parameters) and 
thereafter every 5 min for the first 20 min after the 
administration of study drugs. SBP 20% below the 
baseline or <90 mmHg was treated with IV boluses 
of 250 ml lactated Ringer’s solution or/and with 
ephedrine 6 mg, if required. The following side 
effects of the studied drugs were also observed during 
post‑operative period at intervals of 30 min, 40 min, 
1 h, 2 h, 4 h and 6 h after shifting to recovery room: 
nausea and vomiting (NV), loss of tendon reflexes and 
hypotension (defined as more than 20% reduction of 
SBP and/or DBP from baseline).

Sample size calculation was performed from the 
previous study results assuming that 20% difference 
in mean post‑operative pain score would be detectable 
between the two groups using sample size of 
93 patients per group for analysis of variance with 
a power of 80% and alpha level of 0.05. Statistical 
analysis was performed with SPSS for Windows: IBM 
Corp. Version 20.0. Armonk, NY, USA. Significance 
test was done with independent samples t‑test. 
Results were displayed as mean ± standard deviation, 
and for all statistical tests, P < 0.05 was considered 
statistically significant.
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RESULTS

The two groups were comparable in terms of age, gender, 
weight and height. The percentage of females was 
found to be higher than males in each group showing 
no statistically significant difference (P > 0.05). No 
statistically significant difference was observed between 
the groups with respect to duration of anaesthesia and 
surgery as well (P > 0.05). We also analysed the total 
IV fluid required for patients in both groups during 
anaesthesia and found that the difference was not 
statistically significant (P > 0.05) [Table 1].

We analysed the VAS score seven times in 24 h, 
of which the cumulative mean of VAS pain score 
after 1, 2, 4, 6 and 24 h of surgery was more in TB 
group compared to MB group and the difference was 
statistically significant (P < 0.05) [Table 2].

The mean time interval of the first rescue 
analgesia (paracetamol) demand was also longer in 
MB group compared to TB group which was also 
statistically significant (P < 0.05). TB group had mild 
to moderate pain and most of the patients in MB group 
had mild pain in first 24 h of surgery [Figure 1].

Total rescue analgesia consumption in 24 h was 
analysed. TB group had 2.390 g (2.39 g, mean) and 
MB group had 1.430 g (1.43 g, mean) of paracetamol 
(rescue analgesia) consumption in 24 h which was 
statistically significant (P < 0.05) [Figure 2].

After intraperitoneal instillation of the study drugs, the 
HR was recorded at 5 min interval in TB group patients 
and compared with baseline HR and found that the 
difference was not statistically significant (P > 0.05). 
In MB group, HR was recorded at 5 min interval and 

compared with baseline HR and found that the difference 
was statistically significant (P < 0.05). The HR after 
MgSO4 plus bupivacaine instillation intraperitoneally was 
slightly less than baseline and stable thereafter [Figure 3].

After the study drugs instillation intraperitoneally, 
SBP was recorded at 5 min interval in both groups 
during our observation period and compared with 
baseline SBP and found that the difference was not 
statistically significant (P > 0.05).

After the study drugs instillation intraperitoneally, 
DBP was recorded at 5 min interval in both groups 

Table 1: Demographic profile, duration of surgery and 
anaesthesia in two groups

Parameter Group TB (n=93) Group MB (n=93)
Age (years) 48.76±8.76 48.81±8.84
Gender (male/female) 28/65 33/60
Duration of surgery (min) 54.50±5.28 53.79±4.33
Duration of 
anaesthesia (min)

71.62±5.73 72.39±4.80

Values expressed as mean±SD. SD – Standard deviation; TB – Tramadol plus 
bupivacaine; MB – Magnesium plus bupivacaine

Table 2: Visual analogue scale pain score at different time 
intervals in the two groups (mean±standard deviation)

VAS TB group (n=93) MB group (n=93) P
1 h 3.47±2.96 1.70±1.86 0.000
2 h 3.87±2.76 2.47±1.17 0.019
4 h 4.93±2.99 1.97±1.08 0.000
6 h 2.97±2.58 2.10±1.42 0.000
8 h 2.73±1.18 1.93±1.79 0.001
12 h 2.97±2.81 2.23±1.76 0.002
24 h 2.20±1.85 1.77±0.85 0.000
Values expressed as mean±SD. SD – Standard deviation; VAS – Visual 
analogue scale; TB – Tramadol plus bupivacaine; MB – Magnesium plus 
bupivacaine

Figure 1: First rescue analgesia demand time (mean) in 24 h Figure 2: Mean of total rescue analgesic consumption in 24 h
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during our observation period and compared with 
baseline DBP and found that the difference was not 
statistically significant (P > 0.05).

No statistically significant difference was found 
between the groups regarding side effects at 30 min 
after shifting to recovery room (P > 0.05). Side effects 
at 40 min, 1 h, 2 h, 4 h and 6 h after shifting of the 
patient to recovery room were also observed and found 
that no side effects occurred in patients of both groups 
except NV in three patients in ‘TB’ group which was 
statistically not significant [Table 3].

DISCUSSION

Improved post‑operative analgesia, using 
opioid‑sparing regimens, may enable a high success 
rate of outpatient laparoscopic cholecystectomy as 
both pain and opioids may induce nausea.[5] In addition 
to the parenteral route of analgesic use, instillation of 
local anaesthetics and opioids intraperitoneally are 
attaining popularity for better pain relief.[1]

In the present study, we compared the analgesic 
effects of intraperitoneal instillation of MgSO4 with 
bupivacaine versus tramadol with bupivacaine in 
patients operated for laparoscopic cholecystectomy.

Instillation of local anaesthetics intraperitoneally 
around the operative site is used as an analgesic 
technique on the assumption that conduction from 
visceral sites is obstructed and may lessen the intensity 
of referred pain to the shoulder, which results from 
irritation of diaphragm innervations, i.e., C3, C4, C5 and 
diaphragmatic shifting due to gaseous distension, in 
the post‑operative period.[6] Absorption from the large 
peritoneal surface into systemic circulation may also 
contribute to analgesia.[7] The timing of administration 
of the local anaesthetic during surgery is a matter 

of debate. Some trials advocated early instillation 
of intraperitoneal local anaesthetics as it provided 
better control of post‑operative pain when compared 
with instillation at the end of the surgery,[7] but was 
contradicted by other trials.[8]

Magnesium reduces calcium influx to the cell, and 
also antagonises N‑methyl‑D‑aspartate (NMDA) 
receptors, which are vital for neuronal signalling 
as well as pain processing in the central nervous 
system. Due to blockade of this receptor, MgSO4 
decreases post‑operative pain as both somatic and 
visceral pain fibres are blocked.[7] MgSO4 has been 
used in laparoscopic cholecystectomy as an IV bolus, 
continuous infusion,[9] epidural infusion and in the 
subarachnoid space.[10] In addition, intraperitoneal 
local anaesthetics alone or in addition to MgSO4 have 
been shown to improve post‑operative pain after 
laparoscopic cholecystectomy.[2]

Our results show that the addition of MgSO4 to 
bupivacaine decreases post‑operative pain and 
analgesic consumption in first 24 h after surgery 
along with longer pain‑free period compared to 
patients who were given TB after laparoscopic 
cholecystectomy. The results of several studies are 
in accordance with ours. A study that compared 
intraperitoneal instillation of bupivacaine, solely and 
in addition to MgSO4 in a dose of 50 mg/kg, concluded 
that patients receiving intraperitoneal bupivacaine 
with MgSO4 at the end of the surgery had better pain 
relief for a period of 2–5 h compared with patients 
who were given only intraperitoneal bupivacaine.[11] 
Our study also shows 2–5 h of relatively pain‑free 
period in patients with intraperitoneal instillation 
of bupivacaine and MgSO4. An earlier study, in 
which experiments were done on frog sciatic nerves, 
found a better conduction block with MgSO4 plus 
bupivacaine but not with TB. Inhibition of the 
compound nerve action potentials induced by 
bupivacaine was markedly enhanced by MgSO4, 
but was not changed by tramadol. The amplitude of 
compound nerve action potentials increased from 
15.10% with bupivacaine alone to 35.43% with 
bupivacaine plus MgSO4.

[12]

Figure 3: Comparison of mean heart rate in studied groups

Table 3: Intergroup comparison of side effects
Parameter Group TB (n=93) Group MB (n=93) P
Number of patients 
with side effects (NV)

3 0 0.0925

NV – Nausea and vomiting; TB – Tramadol plus bupivacaine; MB – Magnesium 
plus bupivacaine
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A previous study revealed that IV tramadol produces 
better post‑operative analgesia in the early post‑operative 
period after laparoscopic cholecystectomy compared with 
an identical intraperitoneal dose of tramadol in patients 
undergoing laparoscopic cholecystectomy. Parietal and 
visceral pain scores were lowest in the IV tramadol 
group during the first post‑operative hour.[13] Another 
study, conducted in India, concluded that intraperitoneal 
instillation of bupivacaine in combination with 
dexmedetomidine is superior to bupivacaine alone and 
may be better than bupivacaine with tramadol.[14]

We also analysed that the addition of MgSO4 to 
bupivacaine decreased the HR which was slightly 
less than baseline and became stable thereafter 
compared to patients who were given TB after 
laparoscopic cholecystectomy. This is in accordance 
with the results of a previous study where MgSO4 
was administered 50 mg/kg IV in patients undergoing 
laparoscopic cholecystectomy and a decrease in the 
HR was observed; however, a significant reduction in 
the mean arterial pressure was also found, which was 
not found in our study.[15]

In this study, post‑operative NV was observed in 
three patients in the TB group but not in any patient 
in the MB group, the difference being insignificant 
statistically. The results of a previous study, which used 
pre‑operative infusion of MgSO4 in a dose of 50 mg/kg in 
laparoscopic cholecystectomy, were similar with ours as 
the incidence of nausea was lower in the MgSO4 group 
than in the TB group.[16] MgSO4 blocks NMDA receptors 
found in emetic pathways and structures related 
with the final common pathway for vomiting. NMDA 
antagonists have the potential to be broad‑spectrum 
anti‑emetics.[17] However, no current data are available 
on the direct effects of MgSO4 on post‑operative NV.

Several reports have revealed that the range of 
mean plasma concentration (0.92–1.14 µg/ml) after 
plain intraperitoneal bupivacaine administration 
(100–150 mg) is quite below the toxic concentration of 
3 µg/ml.[18] We used lower doses of bupivacaine in our 
study than those believed to cause systemic toxicity 
and none of our patients exhibited features of local 
anaesthetic toxicity.

CONCLUSION

Intraperitoneal instillation of MgSO4 with bupivacaine 
after completion of laparoscopic surgery renders patients 

relatively pain‑free in first 24 h after surgery, with longer 
duration of pain‑free period and less consumption of 
rescue analgesics in post‑operative period as compared 
to intraperitoneal instillation of tramadol with 
bupivacaine, although haemodynamic parameters and 
side effects were comparable in both groups.
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